Background
==========

Essential hypertension (EH) is the most common form of hypertension \[[@b1-medscimonit-20-2508]\]; it accounts for 90--95% of hypertension and affects \>1 billion adults worldwide \[[@b2-medscimonit-20-2508]\]. Hypertension is recognized as a disease that is caused by a combination of environmental and genetic factors \[[@b3-medscimonit-20-2508]\]; however, the precise cause of hypertension is unknown, and effective early prevention and treatment for the disease are not available \[[@b4-medscimonit-20-2508]\].

Human cytomegalovirus (CMV), which contains a large double-stranded DNA genome, is a member of the beta-herpesvirus group \[[@b5-medscimonit-20-2508]\]. Like all herpesviruses, CMV undergoes latency and reactivation in the host. Primary infection with CMV is typically asymptomatic and self-limiting in immunocompetent hosts, but it results in the development of a lifelong carrier status with periodic reactivation and shedding of the virus from mucosal sites \[[@b6-medscimonit-20-2508]\]. CMV is best recognized for causing congenital infection and severe opportunistic disease in immunocompromised people \[[@b7-medscimonit-20-2508]\], and the virus is widespread in populations worldwide: Sero-epidemiological studies have shown that in developed countries, \>50% of adults present evidence of past CMV infection \[[@b8-medscimonit-20-2508]\]. In China, 48% of the population is CMV seropositive, with the seroprevalence in females (54.60%) being considerably higher than that in males (41.58%) \[[@b9-medscimonit-20-2508]\]. Furthermore, severe or acute disease might be induced in immunocompromised hosts, including AIDS patients and transplant recipients, as a result of the reactivation of latent CMV \[[@b10-medscimonit-20-2508], [@b11-medscimonit-20-2508]\].

CMV glycoprotein B (gB), which is the most highly enriched viral envelope glycoprotein, exhibits extremely strong immunogenicity \[[@b12-medscimonit-20-2508]\]. Based on the sequence variation in the UL55 gene that encodes gB, 4 gB genotypes of CMV have been identified (gB1--gB4) \[[@b13-medscimonit-20-2508]\], and a fifth genotype (gB5) has also been occasionally detected \[[@b14-medscimonit-20-2508]\]; evidence has been presented suggesting genotype-dependent differences in CMV virulence \[[@b15-medscimonit-20-2508]\]. Previous studies have demonstrated that these distinct genotypes are not associated in a statistically significant manner with specific clinical presentations or organ-system involvements in infants with clinically suspected CMV disease \[[@b16-medscimonit-20-2508]\]. However, whether specific gB genotypes are associated with an increased risk of hypertension remains unclear.

Previous studies have reported numerous cases of cardiovascular diseases (CVDs) caused by CMV infection, including myocarditis, atherosclerosis, and coronary artery disease \[[@b17-medscimonit-20-2508]--[@b20-medscimonit-20-2508]\]. Moreover, emerging evidence indicates that CMV infection might be associated with hypertension \[[@b21-medscimonit-20-2508]--[@b24-medscimonit-20-2508]\]. However, the association between hypertension and CMV remains unclear in the Chinese Kazakh population. The incidence of hypertension in Kazakhs ranks among the top 5 rates measured for the 56 ethnic groups recognized in China \[[@b25-medscimonit-20-2508]\]. In this study, we focused on an isolated Kazakh community located in northeastern Xinjiang. The genetic homogeneity and geographic stability of this population, coupled with the shared exposure to common environmental variables, provided a highly favorable opportunity for examining genetic influences on hypertension. Therefore, we investigated the association of CMV and hypertension in relation to other cardiovascular risk factors in a large-scale, community-based study on this Chinese Kazakh population. Furthermore, in order to reveal how racial diversity affects the association of CMV infection and hypertension, we recruited 800 Han Chinese from the same geographic area. Our study is, to our knowledge, the first on this research topic to be conducted in a Kazakh population.

Material and Methods
====================

Participants and data collection
--------------------------------

In this case-controlled study, from 2009 to 2012, we selected Kazakh and Han Chinese from rural communities in the Boertonggu countryside of Shawan region in Xinjiang Uygur Autonomous Region, China. The study protocol was approved by the ethics committee of Medical College of Shihezi University, and all participants provided written informed consent. The participants also provided written consent for their blood samples to be retained for future research, such as for use in measuring levels of CMV-specific IgGs. All participants were instructed to complete a detailed investigation questionnaire and subject themselves to essential auxiliary examinations and clinical diagnosis. We obtained the details of the Kazakh and Han Chinese populations from the local government. Overall, we included 2370 people (age: 18--84 years) in the investigation.

We used the 1999 WHO/ISH Hypertension Guidelines for diagnosing hypertension, which is defined as systolic BP (SBP) ≥140 mmHg (18.7 kPa) and/or diastolic BP (DBP) ≥90 mmHg (12.0 kPa). Blood pressure was measured after the participants had rested for 15 min, and the measurement was repeated 3 times. During the investigation, we recorded the measurements of the following cardiovascular risk factors: body mass index (BMI), waist-hip ratio (WHR), SBP, DBP, mean arterial pressure (MAP), fasting blood sugar (FBS), total cholesterol (TC), serum low-density lipoprotein cholesterol (LDL-C), serum high-density lipoprotein cholesterol (HDL-C), triglyceride (TG), alcohol consumption, vegetable intake, and smoking habit. Overnight fasting blood (10 mL) was drawn and processed (centrifuged, separated, frozen, and packaged in a −80°C freezer) and used for measuring plasma levels of CMV infection. Blood cells were prepared for DNA extraction and detection of CMV gB genotypes. We excluded participants for whom data were not available on smoking, BMI, waist circumference, WHR, blood pressure, alcohol consumption, and vegetable intake. Therefore, in total, 2300 participants were included in the study. From this pool, we chose, using random cluster sampling, 800 Kazakhs (467 hypertension patients, 218 males and 249 females; and 333 healthy participants, 118 males and 215 females) and 800 Hans (482 hypertension patients, 218 males and 264 females; and 318 healthy participants, 124 males and 194 females). People with heart disease or renal or endocrinological diseases that cause secondary hypertension were excluded from this study.

Enzyme-linked immunosorbent assay
---------------------------------

We tested for anti-CMV IgGs by using a commercially available ELISA kit (CMV Diagnostic Kit, Haitai Biotech Inc., Zhuhai, China) according to the manufacturer's instructions; IgGs were measured successfully in all 1600 participants. Among Kazakhs, 37 participants were seronegative (antibody titer \<1.1) and 763 were seropositive (≥1.1), and among Hans, 79 were seronegative and 721 were seropositive. According to the manufacturer, the test sensitivity was 99.9% and the specificity was 99.8%. Thus, ELISA values of ≥1.1 and \<1.1 U were considered positive and negative results, respectively. The optical density obtained from the ELISA assay is reported as an approximate measure of the antibody titer; a low and positive optical density reflects a low antibody titer, whereas a high optical density reflects a high antibody titer.

DNA extraction and qPCR detection
---------------------------------

Genomic DNA was purified from the participants' whole blood samples by using a QIAGEN kit (QIAGEN Inc., Valencia, CA) according to the manufacturer's instructions. CMV-DNA was amplified using a CMV-DNA kit (DaAn Co, Guangzhou, China), with the PCR primers used for this assay being derived from the immediate early (IE) gene. PCR amplification was performed using these steps: initial denaturation at 93°C for 2 min, followed by 10 cycles of 93°C for 45 s and 55°C for 1 min, and, lastly, 30 cycles of 93°C for 30 s and 33°C for 45 s; we used a 7300 Real-Time PCR system (Applied Biosystems, Singapore). Real-time fluorescence measurements were recorded, and the threshold cycle (CT) value for each sample was calculated by determining the point at which the fluorescence exceeded a threshold limit. The plasmid pGEM-IE, which contains the IE gene, was included as a positive control in all steps, from extraction to quantitation, and a negative control (distilled water) was also included to verify the absence of contamination. A standard graph was constructed, the CT values obtained for the clinical samples were plotted on the standard curve, and the copy number was calculated. Samples were defined as positive when the CT values exceeded 30 cycles.

CMV gB genotyping through PCR-RFLP analysis
-------------------------------------------

The CMV gB genotype was determined using nested PCR and restriction fragment length polymorphism (RFLP) analysis, applied as described by Chou and Dennison \[[@b13-medscimonit-20-2508]\]. A total of 141 CMV-DNA-positive genomic DNA samples were obtained from the participants included in the study (107 from Kazakhs, 34 from Hans). Nested PCR was performed using external primers (sense: 5′-GGCATCAAGCAAAAATCT-3′, antisense: 5′-CAGTTGACCGTACTGCAC-3′; product: 482--488 bp) and internal primers (sense: 5′-TGGAACTGGAACGTTTGGC-3′, antisense: 5′-GAAACGCGCGGCAATCGG-3′; product: 299--305 bp). DNA amplification was initiated using a 50-μL PCR mixture containing 2 μL of extracted DNA and 1 pmol of each primer. The first round of PCR amplification was performed in a thermal cycler (2720 Thermal Cycler, Applied Biosystems) under these conditions: denaturation at 95°C for 5 min, followed by amplification for 35 cycles (95°C for 30 s, 55°C for 45 s, 72°C for 60 s), and then an extension for 10 min at 72°C at the end of the reaction. The second round of PCR differed from the first in that annealing was performed at 60°C. The amplified gB products were digested with HinfI and RsaI (TaKaRa, Dalian, China) at 37°C for 12 h and separated by electrophoresing them at 100 V in 2.5% agarose gels. From the results of this analysis, 4 gB genotypes could be distinguished based on their distinct patterns of fragment lengths \[[@b13-medscimonit-20-2508]\].

Statistical analysis
--------------------

A *t* test was used for normally distributed variables, the Mann-Whitney U test was used for skewed variables, and the χ^2^ test was used for categorized variables. Logistic and multiple regressions were used to determine the association between CMV infection and risk factors for blood pressure and hypertension among the 2 sexes and ethnicities. Furthermore, binary logistic regression models were used for assessing the association between CMV gB genotype and hypertension (as a dependent variable) in the Kazakh and Han Chinese participants after adjustment for other confounders and stratification for sex and ethnicity. *P*\<0.05 was considered statistically significant. All statistical analyses were performed using SPSS Version 20.0 (IBM Corporation, Armonk, NY).

Results
=======

We evaluated 800 Kazakhs and 800 Hans (18--84 years old) for associations of CMV infection and hypertension and determined that among them, 763 Kazakhs (95.4%) and 721 Hans (90.1%) had CMV infection and 467 Kazakhs (59.2%) and 482 Hans (60.1%) had hypertension. Among the 467 and 482 hypertensive Kazakh and Han participants, 452 Kazakhs and 433 Hans had CMV infection (96.8% and 89.8%). In the tables, we present the relevant anthropometric information, including cardiovascular risk factors, biochemical measurements, and prevalence of CMV seropositivity, CMV IgG titers, and CMV gB genotypes.

[Table 1](#t1-medscimonit-20-2508){ref-type="table"} lists the characteristics of all 1600 participants according to the CMV seropositivity status. Hans with CMV infection were older (*P*\<0.001) and more likely to be females (*P\<*0.001) when compared with Han participants without CMV infection. Among Hans, the frequency of drinking alcohol was significantly lower and BMI was higher (both *P*\<0.001) in participants with CMV infection than in participants without CMV infection. Among Kazakhs, higher SBP (*P*=0.052), DBP (*P*=0.021), and MAP (*P*=0.017) and a lower frequency of vegetable intake were measured in participants with CMV infection than in those without CMV infection.

[Table 2](#t2-medscimonit-20-2508){ref-type="table"} presents the characteristics of the Kazakh and Han participants according to their hypertension status. Compared with Kazakh participants without hypertension, those with hypertension exhibited a higher frequency of drinking alcohol (*P*\<0.001) and lower vegetable intake (*P* = 0.008) and had lower HDL-C (*P*=0.001). Moreover, hypertensive Kazakh participants were more likely to be females than males (*P*=0.001). Compared with participants without hypertension, both Kazakh and Han participants with hypertension were older (*P*\<0.001) and had higher levels of other traditional CVD risk factors (BMI, *P*\<0.001; WHR, *P*\<0.001; FBS, *P*=0.004; TC, *P*\<0.001; TG, *P*\<0.001; LDL-C, *P*\<0.001). The prevalence of CMV seropositivity was higher in hypertension groups than in control groups among Kazakh participants (*P*=0.024) but not Han participants (*P*=0.734). However, in Hans, CMV IgG titers were significantly lower (*P*\<0.001) in participants with hypertension than in those without hypertension.

Because the prevalence of CMV infection was high in hypertensive participants in our study cohort (96.8% and 89.8% in Kazakh and Han hypertensive participants, respectively), we examined whether the CMV gB genotypes differed between hypertensive and control (healthy) participants. Using qPCR assays, we detected CMV DNA in 70 of the 467 blood samples obtained from Kazakh hypertensive participants and in 37 of the 333 control samples (15.0% *vs.* 11.1%; *P*=0.112). Moreover, we detected CMV DNA in 17 of the 482 blood samples collected from Han hypertensive participants and in 17 of the 318 control samples (3.5% *vs.* 5.3%; *P*=0.212). The restriction-digest patterns that distinguish the gB genotypes 1--2 and the mixtures of genotypes are shown in [Figure 1](#f1-medscimonit-20-2508){ref-type="fig"}. In Kazakhs, 3 CMV gB genotypes were identified, gB2 and the genotype mixtures gB1+gB2 and gB2+gB3. In Hans, 4 CMV gB genotypes were identified, gB1, gB2, gB1+gB2, and gB2+gB3. The prevalence of gB1 in Han participants with hypertension was lower than that in Han participants without hypertension (0.4% *vs.* 2.2%; *P*=0.019).

[Table 3](#t3-medscimonit-20-2508){ref-type="table"} shows the association between CMV seropositivity and blood pressure as a continuous variable among Kazakhs and Hans. In Kazakh males, CMV seropositivity was significantly associated with DBP or MAP before adjustment (*P*=0.023). However, in both Kazakh and Han participants, CMV seropositivity was not associated with blood pressure in either males or females in any of the models.

[Table 4](#t4-medscimonit-20-2508){ref-type="table"} shows the results of multiple logistic regression analysis of hypertension. In this analysis, CMV seropositivity was associated with hypertension in Kazakh males before adjustment (OR=4, 95% CI=1.46--10.95, *P*=0.004). Models 1 and 2 show the logistic regression analysis performed after adjusting for covariates: The association between CMV seropositivity and hypertension in Kazakh males was attenuated after adjusting for smoking, alcohol consumption, vegetable intake, BMI, WHR, FBS, TC, TG, HDL-C, and LDL-C (OR=4.78, 95% CI=1.52--15.00, *P*=0.007), and the association remained significant after further adjustment for age (OR=6.78, 95% CI=1.82--25.23, *P*=0.004). However, CMV seropositivity was not significantly associated with hypertension in either Kazakh females or Hans in any of the models.

[Table 5](#t5-medscimonit-20-2508){ref-type="table"} shows the association between antibody titers obtained from the CMV-specific IgG assay and blood pressure as a continuous variable among Kazakhs and Hans. In Han males and females, CMV antibody titers were not associated with SBP, DBP, and MAP before adjustment, but these associations were significant after adjusting for smoking, alcohol consumption, vegetable intake, BMI, WHR, FBS, TC, TG, HDL-C, and LDL-C (males: SBP, *P*=0.019; DBP, *P*=0.011; MAP, *P*=0.003; females: DBP, *P*=0.017; MAP, *P*=0.019), except in the case of SBP in Han females (*P*=0.057). Moreover, after further adjustment for age, significant relationships remained between CMV antibody titers and blood pressure (males: SBP, *P*=0.004; DBP, *P*=0.019; MAP, *P*=0.002; females: SBP, *P*=0.025; DBP, *P*=0.015; MAP, *P*=0.011). By contrast, in Kazakhs, CMV antibody titers were not significantly associated with blood pressure in any of the models.

[Table 6](#t6-medscimonit-20-2508){ref-type="table"} shows the association of CMV antibody titers with hypertension in Kazakh and Han participants. In Han males and females, CMV antibody titers were associated with hypertension in all models (before adjustment: males: OR=0.68, 95% CI=0.51--0.90, *P*=0.007; females: OR=0.72, 95% CI=0.85--1.31, *P*=0.024; after adjustment for smoking, alcohol consumption, vegetable intake, BMI, WHR, FBS, TC, TG, HDL-C, and LDL-C: males: OR=0.54, 95% CI=0.39--0.75, *P*\<0.001; females: OR=0.62, 95% CI=0.44--0.88, *P*=0.007; after further adjusting for age: males: OR=0.55, 95% CI=0.40--0.76, *P*\<0.001; females: OR=0.61, 95% CI=0.43--0.87, *P*=0.006).

[Table 7](#t7-medscimonit-20-2508){ref-type="table"} shows the association between CMV gB genotypes and hypertension. In Kazakhs and Hans, no significant relationships were detected between single genotypes or mixtures of genotypes and hypertension, except in the case of the single genotype gB2 in Kazakh males before adjustment for confounding factors (OR=4.59, 95% CI=1.04--20.34, *P*=0.039). In Kazakh males and in Hans, no significant relationships were detected between single genotypes or mixtures of genotypes and hypertension after adjustments. However, in Kazakh females, after adjusting for smoking, alcohol consumption, vegetable intake, BMI, WHR, FBS, TC, TG, HDL-C, and LDL-C, the gB2+gB3 genotype mixture was borderline associated with hypertension (OR=5.49, 95% CI=0.97--31.06, *P*=0.054), and the association was significant after further adjustment for age (OR=7.55, 95% CI=1.33--43.01, *P*=0.023).

Discussion
==========

To our knowledge, this is the first study to demonstrate a link between serological evidence of CMV exposure and EH risk in a community sample of 1600 people (800 Kazakhs and 800 Hans) from Xinjiang Province, China. We used a CMV-specific IgG assay and determined that the CMV seroprevalence rates in Kazakh and Han participants with hypertension were 96.8% and 89.8%. Although several recent reports have indicated a role of CMV in hypertension, few studies have reported CMV seroprevalence in hypertensive China minorities. Our results are similar to those of a cross-sectional study of 194 hypertensive and 97 healthy Chinese, in which the CMV seroprevalence in the hypertensive participants was measured to be 94.33% \[[@b21-medscimonit-20-2508]\]. CMV seroprevalence is recognized to be \>90% in certain risk groups such as HIV-infected patients \[[@b8-medscimonit-20-2508]\]. Therefore, we hypothesize that a weak general health condition associated with hypertension might have led to an increased risk of human CMV infection in Kazakh and Han hypertensive participants. Epidemiological data obtained in 2009 on 3740 people in Ji'nan City, Shandong Province, China, showed that human CMV seroprevalence was 48.3% in adults \[[@b9-medscimonit-20-2508]\]. Our sero-epidemiological survey showed that between 2009 and 2012, the overall infection rates of human CMV in Kazakh and Han adults were 95.4% and 90.1%, respectively, which are higher than that reported for the people from Ji'nan City in eastern China. However, it is unclear whether this difference was caused by the disparities in geographical areas, socioeconomic populations, sample sizes, age ranges, and races/ethnicities covered in these studies.

CMV infection has been widely reported to be associated with hypertension. Regardless of the approach used, both negative and positive associations have been reported. Recently, in a Chinese cohort, Li et al. \[[@b21-medscimonit-20-2508]\] showed that plasma CMV DNA copy number but not CMV seropositivity was associated with hypertension. However, in this study, we determined that in Kazakh males but not females, CMV seropositivity was associated independently in a statistically significant manner with hypertension after adjusting for smoking, alcohol consumption, vegetable intake, BMI, WHR, FBS, TC, TG, HDL-C, LDL-C, and age. Our finding also differs from the result of the United States National Health and Nutrition Examination Survey 1999--2002; in that study cohort, CMV seropositivity was associated with hypertension in females before adjustment, but the association was not significant after adjusting for age \[[@b23-medscimonit-20-2508]\]. A previous study involving 1074 females and 857 males (aged 24--39 years), the Cardiovascular Risk in Young Finns study, showed that CMV antibody titers were independent determinants for SBP and DBP elevation and flow-mediated dilation in young males, but not in females \[[@b22-medscimonit-20-2508]\]. By contrast, our results demonstrated that in both Han males and females (aged 18--84 years), CMV antibody titers were significantly associated independently with hypertension after adjusting for the aforementioned confounding hypertension risk factors. A similar trend also appeared in the association between CMV antibody titers and blood pressure (SBP, DBP, and MAP) in Hans.

Although CMV infections have been reported in association with hypertension in various types of studies, little is known about CMV's role as a potential risk factor for hypertension. Furthermore, the specific underlying pathophysiological mechanisms that link CMV infection with EH remain to be elucidated \[[@b21-medscimonit-20-2508]--[@b24-medscimonit-20-2508],[@b26-medscimonit-20-2508]\]. However, numerous studies have provided key insights into the pathogenic mechanism underlying this association. Landmesser et al. \[[@b27-medscimonit-20-2508]\] reported that CMV infections can result in increased levels of oxidative stress and inflammation, which have been linked to endothelial damage in EH \[[@b28-medscimonit-20-2508]\]. In an animal study, CMV infection was shown to reduce nitric oxide (NO) bioavailability in endothelial cells and activate nicotinamide adenine dinucleotide phosphate oxidase, which resulted in arteriolar dysfunction \[[@b29-medscimonit-20-2508]\]. Recent evidence indicates that CMV infection impairs endothelial NO synthase (eNOS) function and causes endothelial damage \[[@b30-medscimonit-20-2508]\]. Furthermore, in relation to oxidative stress, CMV infection of smooth muscle cells was shown to generate reactive oxygen species through a cyclooxygenase-2-dependent pathway, and activation of the transcription factor nuclear factor-kappa B was shown to induce endothelial cell dysfunction and vascular inflammation \[[@b31-medscimonit-20-2508]\].

In this study, CMV seroprevalence was higher and vegetable intake was lower among hypertensive Kazakhs than among Kazakh participants without hypertension. However, this was not observed in Hans. Currently, no information is available in the literature that can explain this difference. We speculate that CMV seroprevalence in hypertensive Kazakhs might have been increased in the following manner. An eNOS cofactor such as folacin might be decreased in hypertensive Kazakh Chinese. Kazakhs include few vegetables in their diet, which results in a low folacin uptake. Because folacin functions as an essential cofactor, its deficiency might contribute to injury under conditions of inflammation-driven oxidative stress in the vascular wall \[[@b32-medscimonit-20-2508],[@b33-medscimonit-20-2508]\]. Alternatively, CMV can activate the p38-mitogen-activated protein kinase signaling pathway, and the activation of this or other signaling pathways might cause the inhibition of eNOS and a reduction of NO production, leading to endothelial dysfunction \[[@b34-medscimonit-20-2508]--[@b36-medscimonit-20-2508]\]. Both folacin deficiency and CMV infection accelerate the development of CVDs.

A key mechanism through which CMV might be associated with hypertension could involve the renin-angiotensin system (RAS) \[[@b37-medscimonit-20-2508]\]. An *in vivo* experimental study showed that CMV infection increased arterial pressure, and further that it stimulated the expression of renin in a dose-dependent manner in both kidney cells and blood vessel endothelial cells and increased angiotensin II (Ang II) levels in blood and arterial tissues \[[@b26-medscimonit-20-2508]\]. In the Cardiovascular Risk in Young Finns study, Haarala et al. \[[@b22-medscimonit-20-2508]\] found that high CMV antibody titers were associated directly with SBP and DBP and inversely with brachial artery flow-mediated dilation in young males; the researchers speculated that RAS activation might mediate these associations. High CMV antibody titers could potentially indicate frequent reactivation of CMV or reinfection with new strains of CMV, which can strengthen the immunity in these infected people. CMV activity might result in increased RAS activation and thus lead to arterial constriction through the influence of Ang II.

A relationship between CMV antibody titers and hypertension has been reported only in a few studies, and the findings have not been consistent. In this study, we determined that in Hans, CMV antibody titers remained significantly associated independently with blood pressure (SBP, DBP, and MAP) after adjusting for confounding hypertension risk factors. However, an unexpected finding was that a low CMV antibody titer was associated with hypertension in Hans. We speculate that this low CMV antibody titer in the hypertensive participants might be related to their immunocompromised state; this is because, in immunocompetent people, infection with human CMV is typically asymptomatic. By contrast, repeated CMV infections cause substantial morbidity and mortality in immunocompromised patients, and once patients are immunocompromised, CMV can be reactivated \[[@b38-medscimonit-20-2508],[@b39-medscimonit-20-2508]\]. Enhanced expression of the pro-inflammatory cytokines renin and Ang II underlies the pathogenic mechanism that causes repeated CMV infections to increase arterial intima-media thickness and vascular endothelial dysfunction, which results in an increase of arterial blood pressure. These phenomena can be observed in the blood vessels of mice infected with mouse CMV \[[@b26-medscimonit-20-2508]\]. However, our findings contrast those of Haarala et al. \[[@b22-medscimonit-20-2508]\], and the discrepancies between the results of the Cardiovascular Risk in Young Finns study and our study might be caused by the difference in the age ranges of the participants included, 24--39 and 18--84 years in the Haarala et al. study and our study, respectively; this suggests that the humoral immune status in hypertension patients declines as they age.

The immunological status of patients can influence the clinical outcome of CMV infection, and distinct virus strains have been proposed to exhibit varying virulence \[[@b15-medscimonit-20-2508],[@b40-medscimonit-20-2508]\]. In this study, the genotype mixture gB2+gB3 was associated independently with hypertension in Kazakh females after adjusting for confounding hypertension risk factors. Previous studies showed that the protein encoded by the gB gene of CMV is not only a major target for neutralizing antibodies, but also a molecule that is critical for the entry of virions into cells, transmission of infection from cell to cell, and the fusion of infected cells \[[@b41-medscimonit-20-2508],[@b42-medscimonit-20-2508]\]. CMV infection triggers the proliferation of one type of T lymphocytes, CD8+ cytotoxic T lymphocytes; these lymphocytes participate in the alteration of vascular tone encountered in hypertension induced by Ang II, a potent vasoconstrictor \[[@b43-medscimonit-20-2508]--[@b45-medscimonit-20-2508]\]. Therefore, T cells might serve as a link between CMV infection and hypertension. Furthermore, considering these functions of gB, the most direct explanation for the preferential tropism of gB2 and gB3 for T lymphocytes is that the gB proteins differ in their ability to support the penetration of virions into T lymphocytes \[[@b46-medscimonit-20-2508]\]. This could explain why the gB2+gB3 genotype mixture was associated independently with hypertension in Kazakh females. Thus, these findings suggest that a unique synergy of this coinfection, rather than infection by viruses of a single genotype, functions in the development of hypertension. However, no genotypes were associated independently with hypertension in Hans. Currently, we cannot explain the observed race-related differences in our results, but they might potentially be related to the lower percentage of CMV DNA detected in Hans than in Kazakhs.

The role of CMV as a risk factor for hypertension remains controversial. Several previous studies have investigated the role of CMV seropositivity as a risk factor for hypertension \[[@b23-medscimonit-20-2508],[@b24-medscimonit-20-2508]\], but few studies have examined the roles of CMV antibody titers and CMV gB genotypes. With regard to the conflicting results obtained in previous human studies, we suggest that to elucidate the role of CMV in hypertension, a complex approach, involving the use of a panel of new atherosclerotic risk factors, is required. In this study, we comprehensively investigated the relationship between CMV and hypertension by focusing on how 3 specific aspects, CMV seropositivity, CMV antibody titers, and the pathogenic genotype of CMV gB, affected hypertension in Kazakhs and Hans. CMV seropositivity was significantly associated independently with hypertension in Kazakh males, but not in Hans, whereas CMV antibody titers were associated independently with hypertension in Hans, but not in Kazakhs. The genotype mixture gB2+gB3 was associated independently with EH in Kazakh females but not males. These differences might arise because of dissimilarities in socioeconomic factors, dietary habits, lifestyles, or CMV infection leading to distinct immune responses and subclinical manifestations in Kazakhs and Hans.

Conclusions
===========

CMV infection is associated with hypertension in Kazakh males and Hans in Xinjiang Province. The gB2+gB3 genotype CMV coinfection is associated with an increased risk of hypertension in Kazakh females. Thus, controlling CMV infection to restrict the development of hypertension might provide a new strategy for preventing CVDs associated with CMV infection in Kazakhs and Hans. However, to further confirm our findings, additional studies must be conducted in which the sample population sizes are increased and the mechanisms of hypertension development in Kazakhs and Hans are investigated.
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Clinical characteristics of the 1600 Kazakh and Han study participants with and without serologic evidence of CMV infection.

  Characteristics      Kazakh participants (n=800)   Han participants (n=800)                                                                                                 
  -------------------- ----------------------------- -------------------------- ----------------------------------------------------------- ---------------- ---------------- -------------------------------------------------------------
  n                    763                           37                                                                                     721              79               
  Age (years)          45.04 (12.95)                 43.24 (11.66)              0.500                                                       46.49 (15.29)    42.10 (15.25)    0.027[\*](#tfn2-medscimonit-20-2508){ref-type="table-fn"}
  Males, %             41.70                         48.60                      0.401                                                       40.10            67.10            \<0.001[\*](#tfn2-medscimonit-20-2508){ref-type="table-fn"}
  Smokers, % daily     23.10                         10.80                      0.081                                                       22.90            24.10            0.815
  Alcohol, % daily     22.40                         10.80                      0.096                                                       26.60            46.80            \<0.001[\*](#tfn2-medscimonit-20-2508){ref-type="table-fn"}
  vegetable, % daily   88.90                         100.0                      0.032[\*](#tfn2-medscimonit-20-2508){ref-type="table-fn"}   97.5             100.0            0.155
  BMI (kg/m^2^)        26.22 (5.00)                  25.05 (2.99)               0.237                                                       25.56 (4.27)     24.31 (4.07)     \<0.001[\*](#tfn2-medscimonit-20-2508){ref-type="table-fn"}
  WHR                  0.88 (0.07)                   0.87 (0.07)                0.434                                                       0.90 (0.06)      0.90 (0.05)      0.251
  Hypertension, %      59.2                          40.5                       0.024[\*](#tfn2-medscimonit-20-2508){ref-type="table-fn"}   60.1             62.0             0.734
  SBP (mmHg)           136.49 (26.32)                130.72 (31.82)             0.052                                                       132.27 (22.68)   137.44 (34.72)   0.942
  DBP (mmHg)           89.62 (16.26)                 84.58 (21.22)              0.021[\*](#tfn2-medscimonit-20-2508){ref-type="table-fn"}   87.22 (10.80)    87.90 (15.47)    0.894
  MAP (mmHg)           105.24 (18.67)                99.96 (21.79)              0.017[\*](#tfn2-medscimonit-20-2508){ref-type="table-fn"}   102.90 (13.38)   104.41 (16.77)   0.385
  FBS (mmol/L)         5.82 (1.28)                   5.84 (1.10)                0.706                                                       5.85 (1.09)      5.95 (1.52)      0.596
  TC (mmol/L)          4.97 (1.10)                   4.89 (1.38)                0.691                                                       4.63 (1.06)      4.47 (0.87)      0.094
  TG (mmol/L)          1.16 (1.04)                   1.13 (0.86)                0.925                                                       1.51 (1.23)      1.46 (1.20)      0.629
  LDL-C (mmol/L)       1.48 (0.41)                   1.43 (0.42)                0.881                                                       1.41 (0.70)      1.37 (0.29)      0.559
  HDL-C (mmol/L)       3.16 (1.01)                   3.04 (1.27)                0.354                                                       3.03 (0.96)      2.89 (0.71)      0.104

Values are expressed as means or percentages (SD). BMI -- body mass index; WHR -- waist-hip ratio; SBP -- systolic blood pressure; DBP -- diastolic blood pressure; MAP -- mean arterial blood pressure; FBS -- fasting blood sugar; CMV -- cytomegalovirus; TC -- plasma total cholesterol; TG -- triglyceride; LDL-C -- low-density lipoprotein cholesterol; HDL-C -- high-density lipoprotein cholesterol.

Statistically significant difference (*P*\<0.05) present between various clinical and biochemical indices measured for participants with and without CMV infection in the Kazakh and Han populations.

###### 

Clinical characteristics of 1600 Kazakh and Han participants with and without hypertension.

  Characteristics           Kazakh participants[a](#tfn4-medscimonit-20-2508){ref-type="table-fn"} (n=800)   Han participants[b](#tfn5-medscimonit-20-2508){ref-type="table-fn"} (n=800)                                                                                                   
  ------------------------- -------------------------------------------------------------------------------- ----------------------------------------------------------------------------- ------------------------------------------------------------- ---------------- ---------------- -------------------------------------------------------------
  n                         467                                                                              333                                                                                                                                         482              318              
  Age (years)               49.01 (11.91)                                                                    39.28 (12.06)                                                                 \<0.001[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}   47.90 (15.83)    43.26 (14.11)    \<0.001[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}
  Males, %                  46.70                                                                            35.40                                                                         0.001[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}     45.20            39.00            0.081
  Smokers, % daily          23.80                                                                            20.70                                                                         0.309                                                         23.20            22.60            0.845
  Alcohol, % daily          25.30                                                                            17.10                                                                         0.006[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}     27.10            30.80            0.253
  vegetable, % daily        86.90                                                                            92.80                                                                         0.008[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}     97.50            98.10            0.574
  BMI (kg/m^2^)             27.41 (4.65)                                                                     24.42 (4.78)                                                                  \<0.001[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}   26.14 (4.80)     24.36 (3.01)     \<0.001[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}
  WHR                       0.89 (0.07)                                                                      0.86 (0.06)                                                                   \<0.001[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}   0.91 (0.06)      0.88 (0.06)      \<0.001[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}
  SBP (mmHg)                151.76 (22.87)                                                                   114.43 (12.38)                                                                \<0.001[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}   148.01 (20.64)   114.23 (11.43)   \<0.001[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}
  DBP (mmHg)                98.81 (14.20)                                                                    76.17 (7.79)                                                                  \<0.001[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}   93.20 (9.71)     78.32 (6.86)     \<0.001[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}
  MBP (mmHg)                116.46 (15.60)                                                                   88.92 (8.30)                                                                  \<0.001[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}   111.47 (9.97)    90.29 (7.36)     \<0.001[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}
  FBS (mmol/L)              5.97 (1.42)                                                                      5.62 (0.98)                                                                   0.004[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}     6.00 (1.20)      5.64 (1.01)      0.004[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}
  TC (mmol/L)               5.14 (1.15)                                                                      4.73 (1.03)                                                                   \<0.001[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}   4.81 (1.10)      4.31 (0.88)      \<0.001[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}
  TG (mmol/L)               1.36 (1.21)                                                                      0.88 (0.60)                                                                   \<0.001[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}   1.65 (1.25)      1.30 (1.15)      \<0.001[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}
  LDL-C (mmol/L)            3.28 (1.07)                                                                      2.98 (0.92)                                                                   \<0.001[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}   3.21 (0.97)      2.72 (0.81)      \<0.001[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}
  HDL-C (mmol/L)            1.45 (0.42)                                                                      1.53 (0.39)                                                                   0.001[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}     1.43 (0.82)      1.37 (0.34)      0.693
  CMV seropositivity, %     96.80                                                                            93.40                                                                         0.024[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}     89.80            90.60            0.734
  CMV IgG antibody titers   3.15 (0.95)                                                                      3.08 (1.08)                                                                   0.651                                                         2.25 (0.76)      2.46 (0.76)      \<0.001[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}
  Single genotype, %                                                                                                                                                                                                                                                                       
   gB1                      --                                                                               --                                                                            --                                                            0.4              2.2              0.019[\*](#tfn6-medscimonit-20-2508){ref-type="table-fn"}
   gB2                      5.60                                                                             4.20                                                                          0.383                                                         1.2              0.6              0.392
  Genotype mixtures, %                                                                                                                                                                                                                                                                     
   gB1+gB2                  7.30                                                                             5.10                                                                          0.214                                                         0.8              1.9              0.188
   gB2+gB3                  2.10                                                                             1.80                                                                          0.735                                                         1.0              0.6              0.544

Values are expressed as means or percentages (SD). Hypertension was defined according to the World Health Organization guidelines. BMI -- body mass index; WHR -- waist-hip ratio; SBP -- systolic blood pressure; DBP -- diastolic blood pressure; MAP -- mean arterial blood pressure; FBS -- fasting blood sugar; CMV -- cytomegalovirus; TC -- plasma total cholesterol; TG -- triglyceride; LDL-C -- low-density lipoprotein cholesterol; HDL-C -- high-density lipoprotein cholesterol; '--' -- not applicable.

In Kazakh participants, 3 CMV gB genotypes were identified (single genotype: gB2; genotype mixtures: gB1+gB2 and gB2+gB3).

In Han participants, 4 CMV gB genotypes were identified (gB1, gB2, gB1+gB2, and gB2+gB3).

Statistically significant difference (*P*\<0.05) present between various clinical and biochemical indices measured for participants with and without hypertension in the 2 populations.

###### 

Association of CMV seropositivity with blood pressure in Kazakh and Han males and females.

                        Systolic blood pressure   Diastolic blood pressure   Mean arterial pressure                        
  --------------------- ------------------------- -------------------------- ------------------------ ----------- -------- -----------
  Kazakh participants   Males (n=336)                                                                                      
   Unadjusted           11.539                    0.051                      8.933                    0.023^\*^   9.802    0.023^\*^
   Model 1              6.614                     0.229                      5.014                    0.162       5.547    0.159
   Model 2              5.921                     0.235                      4.809                    0.173       5.18     0.166
  Females (n=464)                                                                                                          
   Unadjusted           0.891                     0.892                      1.766                    0.646       1.475    0.746
   Model 1              2.192                     0.716                      2.174                    0.54        2.18     0.600
   Model 2              1.378                     0.807                      1.826                    0.595       1.677    0.671
  Han participants      Males (n=342)                                                                                      
   Unadjusted           −2.809                    0.427                      0.379                    0.832       −0.683   0.730
   Model 1              −4.743                    0.202                      −2.290                   0.204       −3.108   0.124
   Model 2              −6.483                    0.079                      −1.950                   0.283       −3.461   0.089
  Females (n=458)                                                                                                          
   Unadjusted           −1.420                    0.774                      −1.454                   0.508       −1.442   0.612
   Model 1              1.177                     0.79                       −1.455                   0.504       −0.577   0.829
   Model 2              0.325                     0.938                      −1.597                   0.463       −1.173   0.653

Model 1: adjusted for smoking, alcohol consumption, vegetable intake, BMI, WHR, FBS, TC, TG, HDL-C, and LDL-C. Model 2: further adjusted for age.

###### 

Association of CMV seropositivity with hypertension in Kazakhs and Hans.

               Kazakh participants   Han participants                                           
  ------------ --------------------- ------------------ ------------- ------------ ------------ ------------
  Males                                                                                         
   OR          4.00                  4.78               6.78          1.08         0.78         0.83
   95% CI      1.46--10.95           1.52--15.00        1.82--25.23   0.59--1.98   0.39--1.56   0.41--1.69
   *P* value   0.004^\*^             0.007^\*^          0.004^\*^     0.808        0.477        0.603
  Females                                                                                       
   OR          1.3                   1.51               1.43          0.84         1.25         1.21
   95% CI      0.52--3.26            0.55--4.13         0.52--3.96    0.37--1.90   0.49--3.18   0.47--3.10
   *P* value   0.574                 0.426              0.488         0.679        0.644        0.695

Model 1: adjusted for smoking, alcohol consumption, vegetable intake, BMI, WHR, FBS, TC, TG, HDL-C, and LDL-C. Model 2: further adjusted for age.

###### 

Association of CMV antibody titers with blood pressure in Kazakhs and Hans.

                        Systolic blood pressure   Diastolic blood pressure   Mean arterial pressure                        
  --------------------- ------------------------- -------------------------- ------------------------ ----------- -------- -----------
  Kazakh participants   Males (n=336)                                                                                      
   Unadjusted           −0.445                    0.725                      1.133                    0.179       0.607    0.513
   Model 1              −0.636                    0.603                      0.470                    0.557       0.101    0.908
   Model 2              −0.801                    0.471                      0.421                    0.592       0.014    0.987
  Females (n=464)                                                                                                          
   Unadjusted           0.005                     0.997                      0.747                    0.351       0.500    0.599
   Model 1              −0.284                    0.823                      0.387                    0.605       0.163    0.852
   Model 2              −0.282                    0.812                      0.388                    0.592       0.164    0.843
  Han participants      Males (n=342)                                                                                      
   Unadjusted           −2.833                    0.064                      −0.901                   0.244       −1.545   0.071
   Model 1              −3.689                    0.019^\*^                  −1.937                   0.011^\*^   −2.521   0.003^\*^
   Model 2              −4.502                    0.004^\*^                  −1.805                   0.019^\*^   −2.704   0.002^\*^
  Females (n=458)                                                                                                          
   Unadjusted           −2.064                    0.224                      −1.48                    0.05        −1.675   0.087
   Model 1              −2.926                    0.057                      −1.796                   0.017^\*^   −2.172   0.019^\*^
   Model 2              −3.251                    0.025^\*^                  −1.827                   0.015^\*^   −2.302   0.011^\*^

Model 1: adjusted for smoking, alcohol consumption, vegetable intake, BMI, WHR, FBS, TC, TG, HDL-C, and LDL-C. Model 2: further adjusted for age.

###### 

Association of CMV antibody titers with hypertension in Kazakhs and Hans.

               Kazakh participants   Han participants                                           
  ------------ --------------------- ------------------ ------------ ------------ ------------- -------------
  Males                                                                                         
   OR          1.18                  1.24               1.31         0.68         0.54          0.55
   95% CI      0.95--1.45            0.96--1.60         0.98--1.74   0.51--0.90   0.39--0.75    0.40--0.76
   *P* value   0.130                 0.104              0.065        0.007^\*^    \<0.001^\*^   \<0.001^\*^
  Females                                                                                       
   OR          1.07                  1.06               1.05         0.72         0.62          0.61
   95% CI      0.88--1.30            0.86--1.31         0.85--1.31   0.85--1.31   0.44--0.88    0.43--0.87
   *P* value   0.493                 0.594              0.647        0.024^\*^    0.007^\*^     0.006^\*^

Model 1: adjusted for smoking, alcohol consumption, vegetable intake, BMI, WHR, FBS, TC, TG, HDL-C, and LDL-C. Model 2: further adjusted for age.

###### 

Hypertension in Kazakhs and Hans: prediction based on CMV single genotypes and mixtures of genotypes by using multivariable odds ratios and their 95% confidence intervals.

                                                                         Unadjusted   Model 1       Model 2                                                       
  ---------------------------------------------------------------------- ------------ ------------- ----------- ------ ------------- ------- ------ ------------- -----------
  Kazakh participants                                                    Males                                                                                    
  Single genotype                                                                                                                                                 
   gB2                                                                   4.59         1.04--20.34   0.039^\*^   1.63   0.30--8.94    0.575   1.82   0.31--10.58   0.508
  Genotype mixtures                                                                                                                                               
   gB1+gB2                                                               1.48         0.56--3.89    0.495       0.68   0.17--2.67    0.573   1.27   0.28--5.86    0.761
   gB2+gB3                                                               0.26         0.05--1.46    0.189       0.19   0.02--1.56    0.122   0.18   0.02--1.61    0.124
  Females                                                                                                                                                         
  Single genotype                                                                                                                                                 
   gB2                                                                   0.708        0.30--1.67    0.513       0.78   0.31--1.93    0.591   0.88   0.33--2.35    0.81
  Genotype mixtures                                                                                                                                               
   gB1+gB2                                                               1.45         0.67--3.13    0.443       1.16   0.49--2.76    0.733   1.14   0.46--2.77    0.782
   gB2+gB3                                                               3.54         0.74--16.83   0.115       5.49   0.97--31.06   0.054   7.55   1.33--43.01   0.023^\*^
  Han participants[a](#tfn12-medscimonit-20-2508){ref-type="table-fn"}   Males                                                                                    
  Genotype mixtures                                                                                                                                               
   gB1+gB2                                                               0.37         0.06--2.27    0.357       0.42   0.07--2.67    0.358   0.42   0.07--2.71    0.364
   gB2+gB3                                                               0.57         0.04--9.14    1.000       0.25   0.01--4.89    0.363   0.26   0.01--4.98    0.368
  Females                                                                                                                                                         
  Single genotype                                                                                                                                                 
   gB1                                                                   0.29         0.06--1.50    0.140       0.20   0.03--1.30    0.092   0.19   0.03--1.22    0.080
  Genotype mixtures                                                                                                                                               
   gB1+gB2                                                               0.486        0.08--2.94    0.655       0.37   0.05--2.60    0.319   0.38   0.06--2.60    0.322
   gB2+gB3                                                               2.97         0.33--26.78   0.401       5.53   0.43--71.42   0.190   5.63   0.45--71.02   0.181

Model 1: adjusted for smoking, alcohol consumption, vegetable intake, BMI, WHR, FBS, TC, TG, HDL-C, and LDL-C. Model 2: further adjusted for age.

Because the sample sizes were extremely small, we did not analyze the association of gB1 with hypertension in Han males (n=0) and of gB2 with hypertension in Han males and females (n=6 and n=0).
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